Carbon modified MnO 2 (CMMO) spheres have been fabricated through a facile low temperature (60 C) hydrothermal method using mesoporous carbon spheres as reductive agent and sacrificial template and KMnO 4 as manganese source. CMMO spheres with novel nanostructures such as flower-like and sea urchin-like are obtained by controlling the reaction time. The roles of mesoporous carbon in directing the growth of the CMMO spheres and controlling their morphologies have been investigated. The CMMO spheres are characterized by XRD, XPS, SEM, TEM, Raman spectra, TGA and N 2 adsorption-desorption technique and electrochemical measurement. The resulted samples possess unique morphologies and regular pores, and their properties changed as reaction time proceed. The peseudocapacitive behaviors of the as-prepared samples are tested in two-electrode supercapacitors using 2 mol L À1 KOH aqueous solutions as electrolyte. A high gravimetric capacitance of 344 F g À1 at 1 A g À1 and the capacity retaining of 75% after 5000 cycles are achieved on the electrode prepared with one of the CMMO samples. The other CMMO samples also possess excellent electrochemical performance in comparison with the pristine mesoporous carbon (p-MC). Such superior electrochemical performance makes the porous CMMO spheres to be promising materials in the application of pseudocapacitors.
Introduction
Supercapacitors have gained extensive attention in the past few years because of their fast charging time, high power density, long cycle life (>10 5 cycles), and safe to use [1e7] . However, the energy density of supercapcaitors is inferior to that of secondary batteries. As a result, supercapacitors are usually combined with secondary batteries as a supplementary power source [8, 9] . Depending on energy storage mechanism, supercapacitors can be classified into two categories: electrochemical double-layer capacitors (EDLCs) and pseudocapacitors [10, 11] . EDLCs store charges via a physically reversible process at the interface of electrolyte and electrode, while pesudocapacitors keep charges through a chemical reaction at the surface of the electrode [12, 13] . EDLCs containing carbon-based materials as electrode materials typically deliver a specific capacitance around 150 F g À1 and an energy density less than 10 Wh$kg À1 , limiting the application of carbon-based supercapacitors. By comparison, pseudocapacitors with transition metal oxides (e.g. RuO 2 , MnO 2 , CoO x , NiO, and Fe 2 O 3 ) or conducting polymers (e.g. polypyrrole, polyaniline, and poly (3,4-ethylenedioxythioplene) as the electrode materials can provide superior specific capacitance and energy density [14e18] .
The theoretical specific capacitance of transition metal oxides can be very high (e.g. RuO 2 > 1000 F g À1 ) [15] . However, the rate capability and cycling performance of pristine transition metal oxides are poor because of their low electrical conductivity [19] . Therefore, research has been focusing on transition-metal-oxidebased composite materials, which possess outstanding rate capability, high power and energy density [20, 21] . Among various metal oxides, manganese dioxide exhibits several remarkable characteristics, such as high theoretical capacitance (>1370 F g À1 ) [1,22e26] , high abundance in nature, and low cost [1, 3, 4, 15, 27] . However, the application of MnO 2 has been seriously restricted by its low electrical conductivity (10 À5 to 10 À6 S cm À1 ) [28, 29] and structure instability against cycling [15, 30] . To address these problems, researchers have used carbon to modify MnO 2 . Carbon in different phase states i.e. amorphous carbon, graphitic carbon and graphene have been explored for such a purpose [31] . MnO 2 /carbon composites with different combination states and different ratios between MnO 2 and carbon have been fabricated, and most of them show improved capacitive properties than the pristine MnO 2 [15, 32] . In most of the cases, carbon materials with high specific surface area were utilized as conductive substrates for MnO 2 particles. Meanwhile, MnO 2 were synthesized by reducing KMnO 4 with reductive agent, e.g. Mn 2þ salts and other kinds of organic species [33, 34] . Carbon substrates themselves can also act as reductive agent and MnO 2 then is deposited on the surface of the substrates in-situ [35] . Normally, the loading content of MnO 2 is restricted in the composites, which will then influence the capacitive properties of the resulted composites.
In this paper, we report a new route that combines spray-drying technique with a low temperature hydrothermal method to the preparation of carbon modified MnO 2 (CMMO) spheres for high performance supercapacitors. Mesoporous carbon (MC) spheres with uniform pore size and relative high specific surface area are prepared via a spray-drying assisted hard template method using chitosan as carbon precursor and SiO 2 nanopaticles as hard template. The resulted MC spheres are then used as reductive agent and sacrificial template for growing carbon modified MnO 2 microspheres by a one-step low temperature hydrothermal process. The formation mechanism of the CMMO spheres has been studied. The resultant CMMO spheres are adopted as electrode materials for pseudocapacitors, and their capacitive performance in 2 mol L À1 KOH electrolyte has been investigated. The influences of hydrothermal treatment time on the morphology and electrochemical performance of the resultant CMMO spheres as supercapacitor electrode have also been investigated in details.
Experiment section

Chemical regents and materials
All chemical regents including chitosan, acetic acid, hydrofluoric acid, potassium permanganate, potassium hydroxide, sulfuric acid, isopropyl alcohol and alcohol are of analytical grade and purchased from Sinopharm Chemical Regent Company. HF (40%) and Polytetrafluoroethylene latex (PTFE, 60 wt%) were purchased from Aldrich, while acetylene black (99.99%) were purchased from Strem Chemicals. LUDOX ® HS-40 colloidal SiO 2 (30 wt%) was procured from Chengsong (Shanghai) International Trade Co., Ltd. Deionized water was used in the experiments.
Preparation of mesoporous carbon (MC) spheres
The MC spheres were prepared via a spray drying assisted hard template method [36] . In the preparation, chitosan was used as carbon precursor and nanosized SiO 2 particles as hard template. A laboratory-scale SP-1500 spray dryer was utilized for the spraydrying process (Shanghai SunYi Tech Co., Ltd.). In a typical batch, 2 g of chitosan was dissolved in 100 mL of 5% acetic acid aqueous solution, and then 4 mL of a Ludox SiO 2 suspension (30 wt%) was added into the chitosan aqueous solution followed by a 12 h agitation to get a transparent suspension. Then, the suspension was dried by the spray dryer at 160 C with hot air as the carrier gas. The chitosan/silica composite collected by a cyclone separator was thermally treated in a tube furnace at 400 C for 3 h, followed by at 800 C for 3 h under a high-purity nitrogen flow. Finally, the composite derived from the thermal treatment was dispersed into a 20% HF aqueous solution for 24 h at ambient temperature to etch away the silica. Black solid was collected by centrifugation and washed with deionized water and ethanol for several times, and then the solid was dried at 70 C for 24 h in air to obtain MC spheres.
Preparation of carbon modified MnO 2 (CMMO) spheres
The CMMO spheres were prepared by using a one-step low temperature hydrothermal synthesis method. In brief, KMnO 4 (0.6 g) and MC (0.04 g) were dispersed to deionized water (50 mL) under stirring. After 12 h, 2 mL of 98% H 2 SO 4 was added to the suspension still under stirring for 2 h. Then, the suspension was transferred into a 100 mL Teflon-lined autoclave to be hydrothermally treated at 60 C for different times to obtain samples designated as CMMO-X (where X ¼ 5, 8, 10 and 12 h, standing for the hydrothermal treatment time).
Characterization
X-ray diffraction (XRD) patterns of samples were collected on a Rigaku Ultima IV X-ray diffractometer with Cu-Ka radiation (l ¼ 0.15418 nm). Raman spectra were collected on a Renishaw inVia Plus Micro-Raman spectroscopy system equipped with a 50 mW DPSS laser at 532 nm. Nitrogen adsorption-desorption isotherms were measured using a Quantachrome Autosorb-IQ-MP/XR. The specific surface areas of samples were estimated using the Brunauer-Emmett-Teller (BET) method with N 2 adsorption data in the relative pressure range of P/P 0 ¼ 0.05e0. 35 . Pore size distributions were computed using the Barrett-Joyner-Halenda (BJH) model with the desorption branch data. The thermogravimetric analysis was performed with a Mettler Toledo TGA-2 thermal gravimetric analyzer under an oxygen atmosphere with a heating rate of 10 C$min
À1
. The morphologies and the structures of the samples were examined by a JEOL JSM-7800F field emission scanning electron microscope (FESEM) and a JEOL JEM-2100 Plus transmission electron microscope (TEM). XPS data were accumulated on an AXIS HS (Kratos Analytical) electron spectrometer system with a monochromatized Al Ka standard X-ray source and the binding energies were calibrated by referencing the C1s to 285.0 eV.
Electrochemical measurement
The working electrodes were prepared by mixing the active materials, conductive acetylene black and polytetrafluoroethylene (PTFE) in a mass ratio of 85:10:5. Then a certain volume of isopropyl alcohol was added to gain a uniform suspension. After the partial evaporation of the isopropyl alcohol, the slurry was coated on a nickel foam current collector uniformly, which was then dried at 110 C for 10 h in a vacuum oven. Thereafter, it was compressed into a wafer by a tablet machine and subsequently punched into the working electrode of about 1 cm diameter. Then, The working electrode was weighted, after deducting the mass of collector without active materials, the mass loading density of active materials was calculated to be about 3 mg cm À2 . A Teflon-lined homemade cell of stainless steel with inner diameter of 1.2 cm was utilized as prototype for the measurements of electrochemical properties of the CMMO-X samples (A photograph of the cell and its working model please refer Scheme S1). A two-electrode system was assembled with this working model under room temperature using 2 mol L À1 KOH aqueous solution as electrolyte and a porous membrane as separator. The electrochemical measurements including cyclic voltammetric (CV), galvanostatic charge-discharge (GCD) and electrochemical impedance spectroscopy (EIS) were carried out on a CHI 760D electrochemical workstation (CHI Instruments, China) at different scan rates and current densities. Fig. 1 (a) shows the XRD patterns of the CMMO-X spheres derived from different hydrothermal reaction times. From the pattern one can found that the sample obtained in a treating time of 5 h shows a broad diffraction peak at around 2q ¼ 24 , indicating an amorphous state of carbon [37] . Another two weak peaks at 37.5 and 65.1 can be indexed to the (211) and (002) crystal planes of tetragonal a-MnO 2 . When the time was lengthened to 8 and 10 h, the broad peak at around 2q ¼ 24 disappeared gradually, and the intensity of other diffraction peaks turn to higher. While the treating time was extended to 12 h, the XRD patterns of the resulted composites conform well to crystalline MnO 2 (JCPDS, NO.44-0141). Fig. 1 (b) shows the TGA curves of four CMMO-X samples, from which one can deduce their thermal decomposition properties. It can be seen that there are three main regions in the curves. A gradual decrease of weight mass below 300 C has been found, which can be ascribed to the removal of physically adsorbed moistures and the crystal waters. It can be seen that the contents of water decrease from 10.5 to 7.5% with the increase of hydrothermal treating time. The weight loss in the temperature range of 300e560 C should be attributed to the consumption of the residual carbon. Interestingly, all these samples show quite similar carbon content of about 3.5 wt%. The further slight loss above 560 C can be explained as due to the phase transformation of MnO 2 to a more stable state of Mn 2 O 3 (as shown in Fig. 1(c) ) [15, 38] . Finally, the content of MnO 2 could be calculated by deducting the weight of water and MC, and the phase transformation of MnO 2 to Mn 2 O 3 . Values for the four different samples are of 85.1%, 86.8%, 88.2% and 88.7%, respectively have been calculated. The high content of MnO 2 in these CMMO spheres can be attributed to the porous structure of MC, which made the contact and reaction between permanganate ions and MC more efficient and then resulted in high efficient consumption of MC [15] . Raman spectroscopy was adopted to analyze the specific structures of these samples and the resultant spectra are showed in Fig. 1 (d) . The weak D band at 1369 cm À1 can be attributed to the disorder properties of MC, and the G band at 1597 cm À1 originates from the sp 2 hybridization of CeC bonds [38] . The ratio of the intensity between D band and G band increased from 1.00 to 1.13 with the reaction time extended. Such a result might be ascribed to the corrosion of carbon with KMnO 4 as the reaction time turns longer. More importantly, there are three typical Raman scattering bands of MnO 2 at 510, 577 and 629 cm À1 which are matching well with the MneO stretching vibration of MnO 6 octahedral [27, 39] . The chemical composition of CMMO-8 composite was further investigated by X-ray photoelectron spectroscopy (XPS). Signals of C, O, Mn and K elements are observable from the full survey (see Fig. 2(a) ). Fig. 2(b) shows the high resolution survey at the C 1s region, and from the survey it can be seen that there are three peaks in the spectra. The main peak centered at 284.8 eV can be ascribed to the vibration of CeC and C]O bonds. The intensity of the other two peaks located at 286.4 and 288.5 eV are weaker than the former one, and they correspond to the C]O and CeO bonds, respectively.
Results and discussion
Analogously, the high resolution survey at O1s region can be deconvoluted into three peaks situated at 529.6, 531.2 and 533.0 eV (Fig. 2(c) ), which are corresponding to the vibration of MneOeMn, MneOeH and CeO/C]C, respectively. The core level of Mn 2p region was given in Fig. 2(d) . Obviously, there are two main peaks at 641.9 and 653.5 eV, respectively. The spin energy separation of 11.6 eV primely confirms the formation of MnO 2 in the CMMO-X composite, which is in accordance with the documented literature [15] . Moreover, it is worth noting that the K2p signal also exists in the survey (Fig. 2(d) ) and the two main peaks around 292.0 and 294.8 eV can be attributed to K2p 3/2 and K2p 1/2 , respectively, indicating that some K þ reserved in the interlayers of MnO 2 [32] .
The morphology and size of CMMO-X composites are characterized by SEM. As shown in Fig. 3 , the structures of these samples varied from each other depending on the reaction times. The samples obtained in relative short time (e.g. 5 and 8 h) show nanoflower morphology with diameters of 1e3 mm and invaginated surface, and they inherit the initial morphology of the raw MC spheres. High-magnification picture displays that the nanoflowers are composed of many interconnected thin petals with smooth texture, and the thickness of each petal is about 15 nm. While, one can clearly observe the petals of CMMO-8 are denser than that of CMMO-5. Upon hydrothermal treatment for 10 h, the petals of the CMMO spheres show many fragments, and the morphology of the CMMO tends to smooth sphere. When the reaction time extends to 12 h, the composites turn into sea urchin-like structures consisting of numerous nanoneedles.
To illustrate the microstructure of MC and CMMO-X composites, TEM and HRTEM measurements were performed. Fig. 4(A) depicts the TEM image of MC sphere, which clearly reveals the pores distributed throughout the sphere. After the reaction with KMnO 4 for 8 h, the CMMO spheres inherit the morphology of the MC substrates as shown in Fig. 4(B-D) . Such a changing should be ascribed to the high efficient consumption of MC [32] . By close observation one can found that the nanoflowers are composed of many ultrathin nanoflakes as indicated in the cycle of Fig. 4(E) . Furthermore, the high-resolution TEM image of CMMO-8 is described in Fig. 4(F) . The lattice fringe can be observed with an interplanar distance of about 0.29 nm, which is corresponding to the (310) planes of a-MnO 2 structure and the value is in good accordance with the XRD result [40] .
To understand the growth process of the CMMO spheres, the morphology, sturcture and composition of the samples at different reaction stages have been monitored with SEM, TEM and EDS measurements. After the mixing of MC with KMnO 4 aqueous solution and stirred for 2, 8 and 12 h at ambient temperature, the solids retrieved from the suspension at different reaction stages show quite similar morphology to pristine MC spheres (see images A, B and C of Fig. S1 ). Definitely, after the addition of H 2 SO 4 aqueous solution to the suspension and stirred for further 2 h, the spheres show obviously a fluffy surface. To investigate the detailed sturcture evolution of the samples at different reaction stages, TEM measurements have been performed and the results are depicted in Fig. S2 . From the images one can see clearly the porous structure, which is similar to that of the MC raw materials, even stirred with KMnO 4 aqueous solution for 12 h. Whereas, the sample structure changed dramasticlally after the addition of H 2 SO 4 . When the suspention was stirred for further 2 h after the addition of H 2 SO 4 , layered structure appeared in the spheres. Such a result can be explained as due to the enhancement of the oxidizability of KMnO 4 in the presence of H 2 SO 4 , which then accelerated the redoxation between KMnO 4 and amorphous carbon, forming sheet-structured MnO 2 at the expense of MC substrate. EDS element mapping measurements have also been carried out to roughly estimate the composition evolution of the sample at different reaction stages. As can be seen from Fig. S3 , the intensity of carbon signal defaded obviously after the addition of H 2 SO 4 for 2 h, on the contrary, the oxygen signal turned to dominate in the mapping. The EDS element mapping measurements are in accordance with the SEM and TEM results. Fig. 5 shows the nitrogen adsorption-desorption isotherms and the corresponding pore size distributions of MC and CMMO-8 composite spheres. As can be seen in Fig. 5(a) , a typical type-Ⅳ isotherm is obtained at relative pressure between 0.7 and 0.9, exhibiting obvious hysteresis loops and steep capillary condensation steps. This phenomenon indicates micropores and mesopores coexist in the MC [41] . The MC spheres display a high BET specific surface area of 757 m 2 g À1 and a pore volume of 1.56 cm 3 g
À1
. In comparison with MC spheres, the CMMO-8 composite shows an irregular type-Ⅳ isotherm as shown in Fig. 5(b) . The specific surface area and pore volume decrease to 126 m 2 g À1 and 0.27 cm 3 g À1 respectively. Furthermore, it is obvious that the capillary condensation steps expand to the lower relative pressure, implying an increase of pore size. The specific surface area and pore volume of these samples are summarized in Table 1 .
The electrochemical performance of CMMO-X was tested by cyclic voltammograms (CV) and galvanostatic charge/discharge (GCD) using a 2 mol/L KOH aqueous solution as electrolyte. In order to get a reliable performance, a two-electrode configuration was selected for the measurements [42] . Fig. 6(a) depicts the typical CV curves of the four as-synthesized samples at a scan rate of 50 mV s À1 with the voltage window of 0e0.8 V. It can be seen all of the CV curves remain nearly rectangular shape, indicating reversible electrochemical performance [43] . Further observation can found that among the four samples, CMMO-8 owns the largest area than the three others, suggesting the superior specific capacitance. Fig. 6(b) shows the galvanostatic charge/discharge test of capacitors made from these CMMO-X samples at a current density of 0.5 A$g
with the working voltage window from 0 to 1 V. It is obvious that there's a slight IR drop in all curves, which can be attributed to the intrinsic resistance of MnO 2 [32] , nevertheless the CMMO-X composites still maintain remarkable reversibility and conductivity. The specific capacitance of CMMO-X is calculated by the following equation: C ¼ 4IDt÷(mDV), where m is the overall mass of the electroactive materials, I is the discharging current (A), △t is the discharging time(s), and △V is the discharging potential range (V), respectively. The specific capacitance of CMMO-X composites are calculated depending on several current densities and be exhibited in Fig. 6(c) . It can be seen that CMMO-8 composite spheres show the highest specific capacitance among the four samples, and it demonstrates an average specific capacitance of 236 F g À1 at a current density of 10 A g À1 which retains 55% of the specific capacitance delivered at a current density of 0.3 A g
. In comparison with pristine MnO 2 reported in the literature, for example MnO 2 nanoflowers delivered a specific capacitance of 197.
electrolyte [14] , the three other CMMO samples possess also superior values of specific capacitance. It should also be mentioned that the excellent specific capacitance of CMMO-8 surpasses dramatically the performance of many documented nanocomposites composing of MnO 2 and carbon-based materials, for instance the MnO 2 nanoflakes/HPCs nanocomposite displays a specific capacitance of 326.9 F g À1 [39] , while the sea urchain-like RGO/MnO 2 nanocomposite assembly exhibits a specific capacitance of 125.93 F g À1 at 1 A g À1 [44] . All of these evidences confirm that the capacitance and rate capability of CMMO-8 sample outperforms many other reported MnO 2 nanocomposites. The high performance of CMMO-8 can be ascribed to the following two factors. Firstly, the uniform pore structure and large specific surface area of the composite spheres provide plentiful contact area and active sites to facilitate the accessibility of electrolyte. Secondly, the vertically arranged thin petals or needles derived by sacrificing the MC spheres can shorten the transport route of ions in electrolyte, ensuring the reversible reaction between the electrolyte and active materials which then can enhancing greatly the specific capacitance [45] .
To further understand the utility of as-synthesized CMMO-X composites, the Ragone plot was performed between the energy density and power density as been shown in Fig. 6(d) . The values were calculated by the following two equations of (1) and (2):
From the curves it can be seen that the energy density decreases with the increase of power density. It is obvious that the energy densities of the four samples are higher than the traditional capacitors, and the power densities are superior even than that of batteries [46] . Particularly, the CMMO-8 composite spheres possess a large energy density of 8.9 Wh$kg À1 and a high power density of 3500 W kg
. All these evidences indicate that the CMMO-X composites are ideally candidates for pesudocapacitors.
The electrochemical performance of MC and CMMO-8 has been further investigated and compared in details and their CV profiles at scan rate from 5 to 100 mV s À1 have been depicted in Fig. 7 as panels (a) and (b), respectively. All these curves for MC remain symmetric rectangular shape as scan rate increased, indicating typical doublelayer capacitor properties. The high reversibility can be ascribed to the uniform pore structures and excellent conductivity of MC spheres. While, the CV profiles for CMMO-8 exhibit relatively rectangular shape especially at low scan rates of 5, 10, 30 and 50 mV s À1 , declaring reversible performance. However, when the scan rate increase to 80 and 100 mV s À1 the CV curves deviate from rectangular. This should be attributed to the polarization on account of the transport resistance [15] . It is worth noting that these CV curves still remain symmetric shape, indicating obviously Faradic reactions and excellent electrochemical performance. To evaluate further the performance of MC and CMMO-8 more efficiently, the galvanostatic charge-discharge performance has been carried out at different current density from 0.3 to 10 A g
. Fig. 7(c) gives out the specific galvanostatic charge-discharge performance of MC electrode. The curves are normal triangle shapes, exhibiting good columbic efficiency and ideal double-layer capacitor behaviors. Fig. 7(d) shows the specific galvanostatic charge-discharge performance of CMMO-8 electrode. It can be seen that the curves are nearly linear and symmetric with the increase of current density. Furthermore, by examining the curves carefully one can found that the IR drop increases along with the increasing of current density. It can be ascribed to the higher current density, which quickens the chargedischarge process and results in the un-sufficient contact between ions and active materials [14] . The specific capacitances of MC and CMMO-8 have been presented in Fig. 7(e) . It can be seen that the composite electrode surpasses the MC one dramatically. However the rate capability of MC is better than the composite. The electrochemical impedance spectroscopy (EIS) for MC and CMMO-8 have been compared in Fig. 7 as panel (f) . The Nyquist plot can be divided into two regions: high frequency region with a semicircle and low frequency region with a Warburg tail. The intersection of the curve with x-axis represents inner resistance (Rs), which including the intrinsic resistance of active material, the electrolyte resistance, and the interface resistance between active material and current collector. The diameter of the semicircle means the charge transfer resistance (R ct ). The straight line represents the diffusion resistance of ions. As can be seen, the Rs of these two samples are of 0.7 and 0.9 U, and the R ct are of 1 and 2.3 U, respectively. Obviously, the MC possesses higher conductivity than CMMO-8 since the former shows a smaller semicircle and a more vertical line in the low frequency region [47] . However, it's worth noting that the resistance of CMMO-8 composite is lower than many other materials. Thus, the CMMO composites can be considered as promising materials in the application of supercapacitors.
Furthermore, the cycle stability of CMMO-8 electrode is investigated by galvanostatic charge/discharge test at a current density of 1.0 A g À1 for 5000 cycles, and the corresponding specific capacitance has been depicted in Fig. 8 . As can be seen, in the first 100 cycles, the specific capacitance of CMMO-8 electrode decreased only about 2.6%. In the following 400 cycles, the specific capacitance has a dramatically decay with a decreasing ratio of about 12.1% compared with the first cycle. Afterwards, the specific capacitance of CMMO-8 electrode decreased only about 10.3% in the following 3500 cycles. Though, the CMMO-8 electrode only delivers 75% retention of the initial performance after 5000 cycles, it still possesses a high specific capacitance of 258 F/g, which is higher than that of MC and pristine MnO 2 . Therefore, the CMMO composites possess a promising practical importance [48] .
Conclusions
In general, CMMO composites with novel nanoflower or sea urchin-like nanostructure have been prepared by a low temperature hydrothermal method using mesoporous carbon spheres as reductive agent and consuming template. The mesoporous carbon spheres with uniform pore size distribution were prepared by a spray-drying assisted hard template method using biomass as precursor, which were then consumed by reacting with KMnO 4 . The morphology of the CMMO composite spheres can be modified from flower-like to sea urchin-like by simply tuning the hydrothermal treating time. The formation mechanism of the MnO 2 is directed to the in-situ reaction between the KMnO 4 and mesoporous carbon with the assistance of H 2 SO 4 . The obtained CMMO composites with carbon content in range of 3e4 wt% were used as electrode materials for supercapacitors and they exhibit superior rate capability and long cycling performance in a 2 mol L À1 KOH aqueous solution electrolyte. The excellent performances of the CMMO composites are attributed on the one hand to the combination of high specific capacitance of MnO 2 with the good conductivity of residual carbon substrates, and on the other hand to the vertically arranged petals or needles in the CMMO spheres, which is of benefit to the penetration of electrolyte. It is obvious that the CMMO composite is a kind of potential material for practical application in supercapacitors. Meanwhile, the preparation route developed in this work will also provide some enlightenment for the synthesis of other hybrid materials. 
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